OBJECTIVE: To assess ethnic differences in androgenic status related to non insulin-dependent diabetes mellitus (NIDDM) in male and female Melanesians and Europeans of New Caledonia. DESIGN: This is a case-control study nested in a prevalence study for diabetes mellitus in the multiracial population of New Caledonia. SUBJECTS: 186 male subjects were included in the survey (77 Melanesians and 16 Europeans in each case and control group). Each case and control group included 104 female Melanesian subjects (69 premenopausal and 35 postmenopausal). METHODS: Diabetic subjects were matched for age, gender, ethnic group and location, with healthy normoglycaemic subjects. Testosterone levels in men and sex hormone-binding globulin (SHBG) levels in women (measured by radioimmunoassay, RIA) were compared between NIDDM and control subjects in relation to obesity, central adiposity and insulin levels. RESULTS: In both ethnic groups, NIDDM was associated with lower testosterone levels but there was a marked difference among Europeans. Testosterone was negatively associated with the body mass index (BMI) (r 70.35, P`0.01) and fasting insulin (r 70.37, P`0.001) in control Melanesians only. In Melanesian women, NIDDM was associated with lower SHBG levels in pre-and postmenopausal women (P`0.001). SHBG mean level was not associated with menopausal status. CONCLUSION: Our results con®rm in a Paci®c population that NIDDM is associated with low levels of testosterone in men and low levels in SHBG in women. In contrast to white populations, Melanesian women have a more androgenic pro®le, whatever their menopausal status.
Introduction
It is well known that sex hormones are involved in the gender differences observed in body fat distribution. In both genders, an appropriate balance between sex hormones levels is needed for a healthy body fat distribution. 1±3 Most of the studies on the relations between circulating androgens and body fat distribution have shown that androgens have opposite effects in men and women. In males, a signi®cant decrease in testosterone levels (without hypogonadism) is associated with central obesity. 4 In females, upper body fat accumulation is associated with an excess of androgens, 5 re¯ected by a decrease of serum sex hormone-binding globulin (SHBG). 6, 7 Among the risk factors for the development of noninsulin-dependent diabetes mellitus (NIDDM), obesity, excess central adiposity, elevated fasting glucose and insulin levels are associated with a low androgenicity in men, 2, 3, 8, 9 and with a high androgenicity in both pre-and postmenopausal women. 10 In NIDDM subjects with central obesity, the data clearly show a decrease of testosterone in men 11, 12 and a decrease of SHBG in premenopausal women. 13 Furthermore, recent data suggest that low SHBG and testosterone levels may be part of a prediabetic state in men 1 and that low SHBG levels predict the development of NIDDM in women. 14 Within this scope, we studied the relationships between the androgenic status and obesity in two ethnic groups of New Caledonia with a high prevalence rate of NIDDM. 15, 16 The native Melanesian population displays a particular morphotype, as most of the women develop an android adiposity and most of the men have overall obesity. 17 This population is characterized by a low sexual dimorphism and could be a relevant model for studying hormonal status in relation to NIDDM and obesity. The present study compares normoglycaemic and NIDDM Melanesian and European men, and reports data for pre-and postmenopausal Melanesian women.
Population and methods

Population
The present study was part of a large diabetes screening programme, the CALDIA survey, conducted from 1992±1994 in New Caledonia. The rationale, design and methods of the survey were described in details elsewhere. 16 New Caledonia is a French South Paci®c Island, about 2000 km east of Australia. The total population (164 000 inhabitants) is made up of Melanesians (46%), Europeans (34%), Polynesians (12%) and other migrant ethnic groups (8%). The island is divided into three provinces. The capital Noumea (65 000 inhabitants) is located in the South Province. The North Province and the Loyalty Islands Province (three small islands) are mainly rural. Melanesians live in 357 small traditional villages (tribes). They have free access to health centres, one to about 4000 inhabitants.
The target population was de®ned as residents for more than ten years in New Caledonia, aged 30±59 y. Subjects were recruited in the rural areas and the suburbs of Noumea. In the North province, 101 villages out of 199 were randomly selected and only one refused. All 85 villages of the Loyalty Islands participated. In the Noumea urban area, six suburbs with a pluri-ethnic population were selected to avoid districts with temporary residents. In total, 9390 subjects were recruited, representing a response rate of 78.3%. Among them, 1185 were Europeans and 7203 were Melanesians (the other subjects were of various ethnic origins: Polynesians, Chinese etc.).
Diagnosis of diabetes
During the ®rst step, capillary blood glucose was measured at home with glucose strips and interpreted immediately on a re¯ectance meter (One Touch 1 , LifeScan). All known diabetic subjects and subjects having a fasting capillary blood glucose value ! 6.1 mmolal (110 mgadl) were invited to come to the health centre for a more detailed examination. In non fasting subjects, a capillary blood glucose value of 7.8 mmolal (140 mgadl) was chosen as the cut-off point for further examination.
Overall, the response rate to the second step was 91.4% in known diabetic subjects and positive screenees. The second step was performed at the health centre early in the morning. It included a two-hour oral glucose tolerance test (OGTT) with a 75 g glucose load, according to the World Health Organisation (WHO) recommendations. 18 Blood samples were taken at fasting and 2 h after absorption of the glucose load. For ethical reasons, the glucose load was replaced by a standard meal (bread, ham, dairy products, corresponding to about 500 kilocalories, 50% carbohydrates, 15% proteins and 35% fat) in previously known diabetic subjects and newly detected subjects with a fasting capillary blood glucose value higher than 11.1 mmolal (200 mgadl) or 16.7 mmolal (300 mgadl) if non fasting. Blood samples were locally centrifuged, frozen and sent to the Noumea central laboratory. Plasma glucose concentrations (fasting and 2 h after load) were assessed by the glucose oxidase method.
Three measurements of blood glucose were used for diabetes mellitus diagnosis: capillary blood glucose (CBG), fasting plasma glucose (FPG) and 2 h plasma glucose (2h-PG). Subjects not previously known as having diabetes, were classi®ed as newly detected cases when CBG or 2h-PG ! 11.1 mmolal (200 mgadl) or else if FPG ! 7.8 mmolal (140 mgadl) and CBG ! 6.7 mmolal (120 mgadl). These criteria correspond to the WHO recommendations 17 stating that diagnosis of diabetes according to blood glucose concentrations may be based on one measurement of 2 h blood glucose, but preferably on repeated measurements of fasting blood glucose.
Other measurements
Plasma samples were frozen at 720 C until hormones were assayed in mainland France. Plasma total and free testosterone were measured in men by radioimmunoassay (RIA) in solid phase (Coat-ACount, Behring, Los Angeles, CA). The lower limits detected were 0.14 ngaml for total testosterone and 0.15 pgaml for free testosterone (Ho Ãpital Henri Mondor, Cre Âteil, France). In women, plasma SHBG was measured by RIA (Coatria, Biome Ârieux, Lyon, France) with a sensitivity of 4 nM. Fasting plasma insulin was measured by radioimmunoassay (RIAgnost, Behring, Los Angeles, CA) and 2 h-insulin was measured by immunoenzymatic assay (MEIA with IMX Abbott) in Tours (IRSA). Anthropometric data (weight, height, waist and hip circumferences) and blood pressure were determined by the local physicians, according to a standardized protocol presented in training sessions. Body mass index (BMI weightaheight 2 ) was used to report general obesity. Men were classi®ed as normal, moderately obese or obese, according to BMI`27, 27±31, ! 32 kgam 2 , respectively. The corresponding categories for women were BMI`25, 25±29, ! 30 kgam 2 . Waist and hip circumferences were measured to the nearest cm, in the standing position, with a special tape. The ®rst at the umbilicus and the second at the iliac spines. The waist to hip ratio (WHR) was calculated as an index of central adiposity.
Hypertension was assessed according to the WHO criteria: systolic BP ! 160 mmHg andaor diastolic BP ! 95 mmHg. Subjects currently treated with Hormonal status, ethnicity and type 2 diabetes R Defay et al antihypertensive drugs were classi®ed as hypertensive whatever their BP values. Menopausal status was determined according to the last menses. Women with arti®cial menopause by surgery or having no menses for more than six months, were classi®ed in the subgroup of postmenopausal women. Only women without hormonal treatment were included in this report.
Ethnicity was checked during the interview. Subjects with doubt of their origin were excluded.
Matched controls
For each con®rmed diabetic subject (previously known or newly detected) a control was selected from the population examined during the ®rst step, on the following criteria:
± CBG`6.1 mmolal (110 mgadl) if fasting, or CBG`7.8 mmolal (140 mgadl) ± same ethnic group ± same gender ± same ®ve-year age group ± same location (village or urban district)
In addition, menopausal status was used for individual matching of women with controls. The selected controls were invited to come to the health centre and were submitted to the same examinations. The validity of the selection was checked by the results of the 2 h OGTT, that was expected to produce normal plasma glucose values: FPG and 2h-PG`7.8 mmolal (140 mgadl). Perfect matching was not achieved for all con®rmed diabetic subjects for two reasons: one reason was the refusal of some selected controls and the fact that a substantial proportion of the controls were not normoglycaemic (23 were diabetic, 109 were glucose-intolerant). Finally, this analysis was performed on 22 Europeans (16 men and 6 women) and 181 Melanesians (77 men and 104 women).
Statistical analysis
The present analyses were performed for each gender and restricted to NIDDM subjects and their normoglycaemic controls.
One-way and two-way analysis of variance, covariance analysis and Students t-test were used, to compare anthropometric and biological mean values. All results are given as the mean AE s.e.m.
Relationships between variables were studied using Pearson's r correlation coef®cient and multiple regression models.
A logarithmic transformation was applied to variables presenting an asymmetric distribution such as insulin and triglyceride concentrations. For these variables, the geometric mean is given in the tables.
All statistical analyses were computed on CSS Statistical Software (Statsoft, Tulsa, Oklahoma).
Results
Men
Clinical characteristics are reported in Table 1 . In control sub-groups, the prevalence of overall obesity (BMI ! 27 kgam 2 ) was higher in Melanesians (48%) than in Europeans (12.5%) and was dramatically more prevalent in each diabetic sub-group; 75% in Melanesians, 94% in Europeans. NIDDM was associated with signi®cantly greater mean values for WHR, systolic and diastolic BP. Altogether, the overall prevalence of hypertension was 47.8% in diabetic men vs 24.3% in controls. Table 2 shows that, in comparison to controls, total testosterone mean values were lower in diabetic subjects by 33% in Europeans (3.97 AE 0.37 ngaml vs 5.91AE 0.54 ngaml, P`0.01) and by 19% in Melanesians (4.73 AE 0.16 ngaml vs 5.84AE 0.22 ngaml, P`0.001). Similar results were obtained with free testosterone levels.
As expected, NIDDM was also associated with higher fasting and 2 h plasma insulin levels (P`0.05) in both ethnic groups. Total cholesterol was higher in cases than in controls among Melanesians, but no difference was observed in Europeans.
It is noteworthy that both Melanesian and European non diabetic men had similar metabolic (fasting Hormonal status, ethnicity and type 2 diabetes R Defay et al plasma glucose included) and androgenic characteristics, whereas Melanesians had a higher mean BMI than Europeans (Table 1 , P`0.05). In NIDDM subgroups, fasting and 2 h plasma insulin, BMI and WHR were higher in Europeans than in Melanesians (P`0.01, P`0.05, P`0.05 and P`0.01, respectively). Moreover, total testosterone was signi®cantly lower in diabetic Europeans (P`0.05).
The relationships between testosterone and plasma insulin had a similar pattern in the two ethnic groups (Table 3) . Correlation coef®cients between testosterone and lipid concentrations were not signi®cant and are not shown. The relationship between total testosterone and fasting plasma insulin were negative in both control groups: r 70.37, P`0.001 in Melanesians; r 70.54, P`0.05 in Europeans. These relationships were not observed in their diabetic counterparts (r 70.12, P 0.31 in Melanesians, r 0.26, P 0.33 in Europeans). As the slope of the regression line did not differ from zero in the NIDDM group, whereas it was signi®cantly negative in controls, the interaction was tested and con®rmed by a covariance analysis with fasting insulin as a constant factor (P`0.05). The common regression line had a negative slope, signi®cant in both ethnic groups (r 70.27, P`0.001 in Melanesians; r 70.45, P`0.01 in Europeans). This interaction clearly appears in native Melanesians (Figure 1) . Similar results were found with free testosterone.
A similar pattern was observed in the relationships between total or free testosterone and BMI according to diabetes (Figure 2) . In Melanesian controls, total testosterone was negatively associated with overall obesity (r 70.35, P`0.01) while no association was observed in diabetic subjects (total testosterone 4 ngaml in 30% of them). Covariance analysis with BMI as a constant factor, con®rmed a signi®cant interaction (P`0.05). Total testosterone was also inversely correlated with WHR in non diabetic Melanesians (r 70.24, P`0.05) whereas this was not observed in diabetic Melanesians.
Thus, it was interesting to study the variation of testosterone in controls according to fasting insulin, BMI and WHR. For this purpose, a multiple linear regression analysis was performed in controls for each ethnic group with total or free testosterone as the dependent factor, and fasting insulin, BMI or WHR as regressors.
In Melanesian controls, the negative correlation coef®cient between total testosterone and fasting insulin concentration markedly decreased from r 70.37 to partial r 70.25 (P`0.05), when Hormonal status, ethnicity and type 2 diabetes R Defay et al BMI was taken into account. In contrast, the relation was poorly modi®ed when WHR was taken into account (partial r 70.34, P`0.01). Parallel results were obtained with free testosterone. In European controls, total testosterone remained signi®cantly correlated to fasting plasma insulin, when either BMI or WHR were included in the regression model as regressors: in both cases, partial r 70.53 (P`0.05).
Women
We examined pre-and postmenopausal women separately. Table 4 shows the clinical and biological characteristics of this group according to diabetes and menopausal status. BMI and WHR were signi®cantly higher in diabetic premenopausal women than in controls; in postmenopausal women, no signi®cant difference was observed between control and diabetic women. As in men, the prevalence of hypertension was signi®cantly higher in diabetic subjects: 48.1% vs 28.9% in controls (P`0.01).
Fasting plasma insulin and triglycerides were signi®cantly higher (P`0.001) in diabetic premenopausal women than in controls. In postmenopausal women, mean fasting, post-load insulin and triglyceride values were similar in cases and controls. It is important to realise that in NIDDM subjects, fasting plasma insulin was, on average, signi®cantly lower (P`0.05) after the menopause. SHBG levels were dramatically lower in diabetic Melanesians compared to controls, in both premenopausal and postmenopausal women (Table 4 ). The percentage of women with SHBG`20 nmolal was 42% vs 13% and 31% vs In premenopausal women, no relation was found between SHBG and the other variables (BMI, WHR, plasma insulin and lipid concentrations) ( Table 5 ). In control postmenopausal women, SHBG was negatively associated with BMI (r 70.48, P`0.01), 2 h plasma insulin value (r 70.64, P`0.001) and triglycerides (r 70.37, P`0.05), but no signi®cant correlation was observed with WHR (r 70.25, P 0.19). In a multiple regression model using the SHBG concentration as the dependent variable and BMI, 2 h insulin value and triglycerides as regressors, the negative relationship between SHBG and 2 h plasma insulin was con®rmed (partial r 70.40, P`0.001), while the partial regression coef®cients of BMI and triglycerides were no longer signi®cant (partial r 70.16, P 0.18 and r 70.07, P 0.53, respectively).
In non diabetic groups, higher mean total cholesterol concentration (P`0.05), mean triglycerides (P`0.01) and mean WHR (P`0.001) were observed in postmenopausal women compared to younger women.
Discussion
Men
In non diabetic European and Melanesian men, mean testosterone values were similar to those observed in previous population-based studies. 1, 2, 13, 19, 20 Our analysis has revealed low total and free testosterone concentrations associated with NIDDM in these two ethnic groups. These results are in agreement with those of Barrett-Connor, 20 where total testosterone was 4.2 ngaml in the diabetic group vs 5.0 ngaml in the control group; free testosterone values were also lower in diabetic men than in controls. In control Melanesians, we showed negative relations between total testosterone and BMI or fasting insulin, whereas total testosterone was not associated with BMI nor with fasting insulin in diabetic men. To our knowledge, Haffner et al 1 performed the only prospective study of the association of hormonal pro®le and the risk of developing diabetes. They suggested that low levels of testosterone were predictive of diabetes, in addition to obesity, impaired glucose tolerance and hyperinsulinaemia. Further longitudinal studies are needed to con®rm this hypothesis.
The high prevalence of obesity (48% with BMI ! 27 kgam 2 ) in non diabetic Melanesian men, suggests that this ethnic group is at high risk of developing diabetes. NIDDM Europeans were more hyperinsulinaemic, more centrally obese and more hypoandrogenic than NIDDM Melanesians, even though fasting plasma glucose was similar in the two diabetic groups. This observational study demonstrates that diabetes is related to more severe insulin resistance and metabolic abnormalities in subjects of European origin. Several factors may account for these differences: genetic susceptibility 21 andaor life style (physical activity, alcohol drinking, smoking etc), which probably enhance the risk of developing diabetes.
Women
We observed that premenopausal control women had lower mean SHBG levels than in other populationbased studies 3 and that no difference in mean SHBG concentrations appeared between pre-and postmenopausal women. We observed mean values of SHBG, 40% lower in NIDDM cases vs controls, independent of menopausal status. This latter result is in agreement with that reported in other studies. 1, 14 A more pronounced android fat distribution was observed in non Hormonal status, ethnicity and type 2 diabetes R Defay et al diabetic postmenopausal women, when compared with premenopausal (WHR 0.93 vs 0.89, P`0.001). This difference in fat distribution seems to be related to menopause, since in our study, all postmenopausal women were free of hormone replacement therapy. In non diabetic postmenopausal women, SHBG was strongly related to post-load plasma insulin (inverse relationship); this was not observed in our premenopausal sub-group, in contrast to other studies. 3, 22 We explain our results by the fact that 78% of premenopausal non diabetic women had a BMI ! 25 kgam 2 and that their mean SHBG concentration (42.2AE 3.3 nmolal) was lower than in other populationbased studies. 3 In this sub-group, the overall adiposity and hormonal characteristics may explain the lack of relationship between SHBG, insulin and obesity. According to Haffner et al, 3 these characteristics of Melanesian women may constitute a background for the development of NIDDM.
Conclusions
All of these observed relationships are likely to be reliable since the subjects participating in the study were recruited in the framework of a prevalence survey conducted in the population of New Caledonia. Thus, our samples of diabetic patients are representative, since 91.4% of the positive screenees came for additional examination. The limitations of this study were the use of a standard meal in diabetic subjects for ethical reasons and the dif®culty in ®nding a control for each con®rmed diabetic subject. The corresponding possible consequences were the underestimation of the differences between diabetic and control subjects, and a lack of power in the statistical comparisons. Matching of cases and controls was strictly performed, so that we can assume that the differences in hormone levels are not biased by age or environmental factors.
Altogether, this study shows that the pattern of hormonal status in relation to the risk of diabetes in native Melanesians, is similar to that observed in Western societies. In New Caledonia, as already observed in the South Paci®c region, the effect of rapid urbanization on the traditional rural life (reduced physical activity and changed dietary habits) is likely to have a strong impact on the development of obesity, as well as on the associated abnormalities. Such characteristics are in agreement with a high prevalence of NIDDM in Melanesians, as it has been observed in Papua New Guinea. 23 We have shown that NIDDM European men have more severe obesity, metabolic disturbances and hormonal alterations than NIDDM Melanesians. NIDDM Europeans are more overweight and have a higher WHR than their Melanesian counterparts. These abnormalities associated with NIDDM also appear more important in Europeans living in New Caledonia than in NIDDM men from Western Caucasian countries. 20 This excess risk is a common feature in most migrant communities and support the hypothesis of deleterious effects of environmental and life style changes.
